Introduction
Textile industries are one of the most important environmental pollutants with much volume water consumption resulting in effluent. This is extremely variable in contaminant content such as color, BOD5, COD, pH, and suspended particles [1] . Dyeing processes are responsible for colored effluent with potential toxicity and carcinogenicity. The direct discharge poses a major problem for the surroundings. Adsorption, precipitation, chemical coagulation, EC, photo degradation and biodegradation are processes for the treatment of textile wastewater [2] [3] .
Adsorption and Biological degradation is not a feasible solution for all sorts of dyes because of high molecular weight and structure. Photo oxidation needs additional chemicals and has a secondary pollutant [4] .
Coagulation or flocculation process is the most significant and efficacious method to achieve maximum removal. Besides, EC process is another simple and reliable treatment method [5] .
Aluminum sulfate (alum), ferrous sulfate, and ferric chloride were commonly used as coagulants.
In this situation coagulant concentration and pH are found by the Jar-Test technique. It is proved that depending on textile characteristics of effluent, COD and BOD5 can be reduced between 50%and 70% respectively after operating chemical coagulation [1] . It should be noted that chemical coagulation may be a possibility to produce toxic product such as organochlorine compounds and aluminum coagulant associated with Alzheimer's disease [4, 6] . Hence, EC process is considered an effective tool without the demand for extra chemical and low quantity of sludge. Decolorization can be accomplished by applying a direct current source between metal electrodes. Electro -Oxidation creating metallic hydroxides flows with non-soluble anodes [7, 8] . The most commonly used electrode materials are aluminum and iron. Hence, the application of these methods does not generate secondary pollution with no need for compact equipment [9] .
The reactive dyes are normally employed in dyeing with high molecular weight, hydrophilic structure and often have an aromatic ring which is utilized as a bridge between reactive group and dye. The problem related to the function of these dyes is due to the hydrolysis of the reactive groups that happens during the dyeing operation. The RR196 is a commercial dye widely employed in the textile industry in Iran. Therefore, removal of this kind of dye from textile wastewater seems a requirement.
The aim of this study is to look into the performance of an EC process against chemical coagulation of synthetic textile wastewater containing RR 196. This comparison discusses dye and COD abatement. Moreover, the outcome of operational parameter such as pH, coagulant concentration for conventional chemical coagulation and voltage, electrolysis time, pH, dye concentration and conductivity for EC process in dye and COD removal efficiency has been looked into.
Materials and Methods

Materials
To simulate a textile wastewater, 1000mg/L of synthetic wastewater was prepared using required amount of RR 196 dye by dissolving it in distilled water, which was purchased from Bayer (Germany). The chemical structure and other characteristics of this dye are shown in table 1.
Experiments
At first, a six beaker jar-test was used to simulate the chemical coagulation process. Each beaker contained 500 ml of the dye solution. Alum and ferric chloride were added as a coagulant at different dosages (25-500 mg/L) with a fixed dye concentration (50 mg/L) in different pH values in the range of 5-10 to determine the optimum efficiency of coagulation and flocculation process. In coagulation a period of 90 min was allowed with 120 rpm, flocculation with 30 rpm about 20 min and sedimentation of about 30 min. The EC cell was fitted with four iron electrodes (Dimension was: 10cm*10cm*1mm and the space between two electrodes was 1cm in all experiments), rectangle scale Plexiglas with an effective volume of 2 L. The electrodes were connected to DC power supply (5to 20 V). Before each run, electrodes were washed out in 0.01 MHCl and rinsed with water. For preventing the demolition of the flocks during their formation, stirring was performed at 20 rpm in the middle of the cell near the electrodes. Settling was conducted without stirring for 30 min before filtration by bag filter. Electrolysis time varied between 5 to 60 min. pH (3 to 10), conductivity (3 to 20 mS/cm), different concentrations of dye (25-300mg/L) were other parameters being followed during EC experiment. The pH of the solutions was measured by a pH meter adjusted by adding NaOH or H2SO4.
The conductivity was also adjusted by the addition of KCl and measurement was carried out using conduct meter. Experiments were carried out at room temperature (20±10C).
Analysis
UV-vis spectrophotometer was employed for determining dye concentration with the calibration method and remaining dye was measured at a Wavelength comparable to the maximum absorbance for RR196 dye. The maximum absorbance was 530nm. Calibration curve based on absorbance measurements was set up and was linear in the range of 5-50 mg/L of standard answer. Dye removal efficiency after experiments was found using the following formula (I):
Where C0 and C are concentrations of dye in front and later experiments in mg/L, respectively. The chemical oxygen demand (COD) of dye solutions was evaluated according to the standard method for examining water and wastewater [10] .
Results
Conventional chemical coagulation
Effect of initial pH
The chemical coagulation process was investigated under different pH ranges between 5-1, while the dosage of both coagulant and dye concentration were kept constant at 100 mg/L and 50 mg/L, respectively. The result illustrated that the highest removal efficiency was observed at pH 9 for alum and at pH 8 for ferric chloride with related results in 79.63% and 84.83%, respectively. Fig. 1 . shows the performance of two coagulants in different pH's. The result indicates that the effectiveness of coagulation in removing dye is highly dependent on initial pH.
After reaching the optimal point, efficiency has slightly diminished.
The effect of coagulant concentration
The section was studied in optimum condition (pH=9 for alum and pH=8 for ferric chloride) and dye concentration was kept 50 mg/L. The effect is presented in Fig. 2 . For this purpose different amounts of coagulants (25-500 mg/L) were added. Add-on (200 mg/L of alum and 300mg/L of ferric chloride) led to dye removal of approximately 79.63% and 84.83%, respectively. The results indicate that with the increase of coagulants concentration, the removal efficiency increased. It is important to note that the decolorization was decreased slightly after reaching the high point. From this result, it became clear that restabilization of particles was occurring.
EC process 3.2.1. Effect of voltage
Applied voltage directly affects process Performance and controlling costs. Fig. 3 depicts the dye removal percentage against voltage applied to the electrodes in the EC process. The event of voltage was investigated using various voltages. The optimum voltage (20 V) caused 99.65% dye removal since the other parameters such as pH, conductivity and dye concentration (7,12ms/cm, 50 mg/L) were kept constant, also, the influence of electrolysis time is presented in An increase in time from 5 to 60 min causes an increase in concentration of hydroxyl and metal ion production on the electrodes. The highest efficiency of dye removal in 60 min was 99.65%.
Effect of pH
The pH is an important parameter in determining the application of EC technology. Figure 4 shows the dye removal percentage with Various initial pH's. The dye solution was adapted to the desired pH by adding sodium hydroxide or sulfuric acid solution. The answers disclosed that by pH increasing up to 8, dye removal of 99.65% was achieved.
Effect of dye
According to Fig. 5 , the EC process was carried out using different Initial carried out using different initial dye concentrations in the range of 25-300mg/L in optimized current density, time and pH with steady conductivity (12mS/cm). The decolonization efficiency displayed a plateau region From 25 mg/L up to 50 mg/L, the adsorption capacity of flocs was not exhausted and the rate of dye removal was relatively constant. After that the decolonization efficiency falls from 96.20 to 95% with an increase in concentration of the dye from 50 to 300 mg/L. This is probably due to the formation of sufficient number of ferric hydroxide complex produced at first steady dye removal.
Effect of conductivity
Functioning of dye solution conductivity on dye removal efficiency has been shown in figure  6 . The conductivity was adjusted in different values by the addition of KCl. The effect of conductivity was investigated between 3-20mS/cm. These results indicated that increasing solution conductivity resulted in the increase of dye removal.
In the optimum scope of another parameter achieved from past examination, the phylogeny of The dye removal displayed a slight increase from 95.62% to 99.98%. It is ascertained that by adding KCl, potential of anode to produce more ion was extended.
COD reduction
The COD removal efficiency in the optimized shape for both conventional chemical coagulation and EC was determined. Both the COD removal increased steadily with increasing the dye removal. The COD was reduced to 88.86% for EC process and 55% and 53% for alum and ferric chloride, respectively. Figures 7-9 show the relationship between the dye removal efficiency and COD removal efficiency for two processes.
Discussion and Conclusion
As the functional groups of reactive dyes are anionics such as sulphonics, hydroxyls and amines allowing a negative charge when dissolved in water, it appears that their negative charge must be neutralized with decreasing pH. Equally it can be visualized in Fig. 1 . Optimum pH for both coagulants was >7. Hence, sludge apparently Served as condensation nuclei, and dye particle was enmeshed as the precipitate was settled. A similar outcome was reported by other researchers. They recorded 89% and 90% Reactive Blue 19 (RB19) removal efficiency for alum and ferric chloride respectively in pH =7 [11] . It is defined by increasing voltage and time the faster chemical reaction takes place at the anode and cathode electrodes, resulting in more ions and hydroxides produced to get the dye pollutant. Moreover, bubble generation rate increases and their size decreases by increasing of cell voltage, resulting in a quicker removal of pollutant by H2 floatation. In other fields, researchers have progressed to the same result [12] [13] [14] [15] . The results of another study showed that the removal efficiency was 97% of 32 V and 60 min reaction time for Reactive Red 198 (RR198) dye by EC process using iron electrodes. Jafarzadeh and Daneshvar applied the EC process for the treatment of textile wastewater, and reported the removal efficiency of 94% of the basic dye solution. They reason the removal rate increased with increasing the applied electric potential and response time [17] . The optimal term for the maximum removal efficiency of Levafix O range dye for textile solution using EC process (with aluminum electrodes) was achieved at current density =100 A/m 2 , electrolysis time =12min and pH=6. 4. It was also shown that by increasing current density and electrolysis time removal efficiency increased. Hence, the quantity of aluminum ions depends on the electromotive force (current density in this subject area) and electrolysis time. An increment in any of these parameters caused an increase in the formation of coagulant and higher dye removal [18] . The issue of pH on the process performance is excused as the following: Kinetic conversion of Fe 2+ to Fe 3+ exteremly depends on pH. Moreover coagulant charge is altered by different pH. In other words the pH changes during EC depending on, the initial pH. The raw pH of synthetic dye solution between 6 and 6.5. Hence, as seen in figure 4 , in neutrals and slight alkalinity (pH=7-9) condition, we expected more Fe(OH)3 production than Fe(OH)2which is more stable and proper to precipitate. Dye removal was slightly decreased in pH=9 because of establishment of another cationic hydroxide or metal hydroxide formed and precipitated as Fe(OH)4 accumulation around anode electrodes resulting in consuming OH -ions, H + release and decreasing pH. Moreover, as Al(OH)4 -does not exhibit any decolorization capacity, a reduction is noted also in the removal efficiency above pH 9 according to equations II and III.A pH increase occurs when the solution pH is down as mentioned by another investigation [19] [20] [21] . Therefore, when the solution pH is above 9, a pH decrease occurs. In other words, EC can act as a pH neutralizer [22] .
Daneshvar et al., showed optimum efficiency for removing acid red dye 14 from aqueous solution (with iron electrodes)was 93% in pH=6-9 [19] . The performance of an EC process for the removal of Reactive black dye 5 from synthetic wastewater was 98% in pH=5-9 in optimum condition [20] .The opposite relationship between the initial dye concentration and removal efficiency of dye takes place, because constant voltage and conductivity produce an insufficient number of hydroxide ions to coagulate the greater number of dye particles in high concentration, limiting adsorbing and removal ability. Another study reported similar outcomes for the decolorization of reactive dye solution be an EC process [21] . However, in this study as figure 5Shows there is no significant change by increasing dye concentration of 25 mg/L to 50 mg/L, Because of sufficient established hydroxide at this scope. After that we scarcely have seen a slight constant decrease, Probably due to produced oxide layer on iron electrodes was compared to form precipitates, made resistant result in decreasing iron hydroxide. Hence, revealed a little decrease in removing dye efficiency. Granting to the outcomes of this survey, in that location is a substantial relationship between conductivity and dye removal efficiency that is the dye removal efficiency increase with increasing conductivity. The reduction in the dye removal efficiency may be ascribed to a modification in the ionic strength due to the changing conductivity of aqueous medium. Ionic strength affects the kinetic and equilibria of reaction between charge species occurring during the EC. Moreover, increasingsolution conductivity using KCl has other advantages. Chloride ions could significantly reduce the adverse result of other pairings, such as HCO3 -and SO4 2- [22] . The existence of the carbonate ion would lead to the precipitation of Ca 2+ ion that forms an insulating layer on the airfoil of the cathode according to following equations. These will increase the ohmic resistance of the EC cell [23] .
Dalvand et al., reported that the removal efficiency of RR 198 increased from 96% up to 99% in 5 min by adding 3mol NaCl [3] .In another study comparison of EC using iron and aluminum electrodes with chemical coagulation for the removal of highly soluble acid dye showed that the development of the decolorization displayed a sharp increase when conductivity increased [24] . One of the most significant causes of higher COD removal efficiency is obtained in increasing metal hydroxide. The process of COD removal can be more complicated than it, including electrostatic adsorption and physical particle enmeshment. As dye increased removal efficiency, COD removal increased, Although COD removal efficiency was more depressed than it because of breaking dye and converting to aromatic compound. In other fields, researchers have progressed to the same result. Dalvand et al., reported the COD removal efficiency of 15% in 5min, 20% in 15 min and 66.6% in30 min for RR198 dye [16] .
The outcome of this survey showed that, effectiveness of chemical coagulation was sound suitable with 79.63% and 84.83% dye removal for alum and ferric chloride respectively, but also EC showed more strength than it by demonstrating dye removal up to 99.98% in optimum condition. Current density, electrolysis time, initial pH, dye concentration and conductivity were the central parameters of EC [25] . As the current density and electrolysis time increased the removal of dye also increased. It was found that the proper voltage and electrolysis time was 20 volts and 60 minutes. Dye removal efficiency increased when the initial pH and conductivity value of the solution increased and should be held at 8 and 12mS/cm, respectively. Increasing in dye concentration is due to decrease in dye removal efficiency. It is likewise known that, the growth on the current density and conductivity means the growth in energy use.
